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A pumping panel made of a Group Va metal (V, Nb or 
Ta) is one of promising means for particle flux control in 
the diveltor region. In the case of steady-state regime, a 
superpermeable membrane should be used for particle 
control, while a periodically regenerated absorption panel 
(simpler and cheaper) can be acceptable for an intermittent 
operation in non-tritium devices. 
The capability of a niobium panel to absorb atomic 
hydrogen has been investigated for particle control 
application in diveltors [I, 2]. The diveltor used in fusion 
devices is usually made of carbon in order to receive high 
heat flux. Plasma particles bombard the diveltor and the 
sputtered carbon may be deposited onto the surface of 
absorption panel, which is placed in the diveltor region. 
Therefore we investigated the effect of carbon deposition 
on absorption capability of the panel. The panel was 
installed into the diveltor region in the. Large Helical 
Device (LHD) and exposed to plasma discharges of 6500 
shots. During the experimental campaign, the panel was 
heated at about 680 ·C for 10 min each time before and 
after the plasma experiment to simulate a real working 
panel. After the experimental campaign, the hydrogen 
absorption ability was compared with the previous one 
before plasma exposure as shown in Fig. 1. In all cases, the 
experimental condition (chamber wall condition, activation 
heating of the panel and the atomizer, etc.) was almost the 
same and the initial panel temperature was about 30 .c. 
The absorption capability of the panel after plasma 
exposure largely degraded and the absorption rate at high 
temperature was found to reduce to a value less than half 
of the previous one. Moreover, there was no hydrogen 
absorption in low temperature region. However, the 
absorption capability was gradually restored by the panel 
heating at 680 ·C (the total time - 5 h) and completely 
restored after heating at 850 ·C (- 20 min). The surface 
analysis of the panel with Scanning Auger Electron 
Microscope (SAM) and X-ray diffractometer (XRD) were 
performed after restoring. The layer-by-Iayer Auger 
analysis (Fig. 2) indicates that the panel surface is covered 
with a thin carbon film, and Nb carbide (NbC) is formed 
beneath the carbon film with the thickness of several 
hundreds nanometers or more. On the other hand, the X-
ray diffraction analysis shows that Nb,C is the main 
carbide phase (Fig. 3) and the thickness of Nb,C layer is 
several micro-meters. From the above results, the heating 
temperature of 680 ·C during 10 min (used everyday for 
panel degassing in the LHD) is not enough for the 
conversion of carbon being deposited into the carbide and 
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the panel heating at higher temperature (e.g. 850 .C) is 
required for that. Taking into account that the absorption 
rate was restored by panel heating at 850 ·C one can 
conclude that the multilayer carbide coverage 
(carbidization: formation of NbC and Nb,C layers) has no 
influence on hydrogen atom absorption by Nb, which has 
also been observed in the experiment on hydrogen 
superpermeation through Nb membrane [3]. Thus the 
absorption panel is tolerable for carbon deposition and can 
be regenerated by heating at high enough temperature. 
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Fig. 1. Effect of carbon deposition on hydrogen absorption. 
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Fig. 2. Depth profile of the panel surface obtained by SAM 
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Fig. 3. XRD (Cu-Ka radiation) spectrum of the carbidized 
panel. In the XRD spectrum, other peaks are assigned to 
Nb,C. 
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